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Specification 

1. Title of the Invention 
Direct-current to direct-current converter 

2 . Claim 

A direct-current to direct-current converter, in which 
a direct current flowing in a primary coil of a transformer 
is switched on or off to induce a voltage in a secondary 
coil of the transformer; and a rectifying element, a 
capacitor and a choke coil are connected in series to a 
closed loop including the secondary coil, and furthermore 
a circulating element is connected to a circulation path 
which bypasses the secondary coil and the rectifying 
element so as to provide an output voltage from both of two 
ends of the capacitor, 

the direct-current to direct -current converter being 
characterized in that: the rectifying element and the 
circulating element are both a field effect transistor; the 
field effect transistors are driven by voltages having 
opposite phases to each other which are induced by another 
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secondary coil of the transformer so as to provide the 
conduction with directionality; and the direct-current to 
direct-current converter further comprises a comparator for 
comparing the output voltage with a constant value, and a 
gate voltage controlling transistor which is controlled by 
an output from the comparator and reduces the voltage 
applied between a gate and a source of each of the field 
effect transistors as the output voltage becomes lower than 
the constant value. 

3. Detailed Description of the Invention 
Field of the Invention: 

The present invention relates to a pulse width 
controlled-type direct-current to direct-current (DC-DC) 
converter including a circuit for suppressing an increase 
in the output voltage when the load is light. 

Prior Art and Problems thereof 

Figure 1 shows an example of a conventional pulse 
width controlled-type DC-DC converter. a switching 
transistor TrO is connected in series with a primary coil 
Nl of a transformer T, and a DC voltage Vi is applied to 
the connected switching transistor TrO and primary coil Nl. 
The transistor TrO is turned on or off in this state to 
cause an electric current to intermittently flow in the 
primary coil Nl . The voltage induced to the secondary coil 
N2 (coil ratio of NlsN2-n:l) at this point is rectified by 
a rectifying diode Dl, thus providing an output current 10. 
A comparator CMP1 compares an output voltage V0 with a 
reference value El and applies the difference to a pulse 
(rectangular wave) generator PG, thereby generating a pulse 
P for driving a transistor Trl. The pulse P turns the 
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transistor TrO on or off so that the output voltage V0 is 
equal to the reference value El (the duty ratio of the 
pulse P changes). Letters D3 represent a diode for a fly 
wheel, and forms a circulation path on the primary coil 
side together with a coil N3. In other words, when the 
transistor TrO is turned off, the electric current in the 
primary coil Nl is blocked, and an overvoltage tends to be 
generated at this point. However, since a voltage is 
generated in the coil N3 and causes a current having a 
polarity to charge a power supply Vi via Vi and D3, the 
generation of the overvoltage is prevented. 

The current rectified by the diode Dl becomes an 
output current 10 and also charges a capacitor C. The 
charged current and the output current 10 passing through 
the load flow to the coil N2 via a choke coil L. When the 
voltage induced in the secondary coil N2 has an opposite 
polarity (when the transistor TrO is off), the current 
stops flowing in the coil N2 and circulates via the diode 
D2 for a fly wheel instead. A choke current IL flowing in 
the coil L has a triangular waveform as shown in Figure 
2(b). Letters Ton represent a period in which the transis- 
tor TrO is on. The current IL linearly increases during 
this period and linearly decreases during the off period 
Toff. The value of the above-mentioned load (output) 
current 10 is approximately equal to the average value of 
the current IL. 

The voltage VL generated in the coil L has a rectangu- 
lar waveform in synchronization with the pulse P as shown 
in Figure 2(a). The voltage VL and the amplitude AIL of 
the fluctuation of the current IL have the following 
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relationship where the input voltage to the transformer T 
is Vin, the forward voltage of the diode Dl is VF, and 
letters n, V0, L and Ton represent the elements described 
above : 

VL Win • 1 /n-VP-VO ... ( l ) 

AlL=VL-Ton/L ... (2) 

Accordingly, when the load is large so as to realize 
I0>AlL/2, IL continuously flows, although fluctuating as 
shown in Figure 2(b). In contrast, when the load is small 
so as to realize I0<AlL/2, the choke current IL flows 
intermittently (a current is supplied from the capacitor C 
to the load while IL=0) as shown in Figure 2(c), and thus 
a problem occurs that the output voltage V0 is increased by 
the voltage generated in the choke coil L. 

There are two conventional methods to solve the 
problem. According to one of the two methods, the value of 
AIL is reduced in order to maintain the relationship of 
I0>AlL/2. However, in accordance with this method, the 
inductance of the coil L needs to be increased as can be 
appreciated from expression (2). Therefore, the outer 
dimension is enlarged and the production cost is increased. 
According to the other method, the value of 10 is kept high 
in order to maintain the relationship expressed by the 
above -described inequality. For realizing this, it is 
necessary to connect a dummy resistor RD to the output 
terminal and send a part of a load current ID to the dummy 
resistor RD. Therefore, efficiency is lowered due to the 
ever-present power loss, and the reliability when the load 



4 



THIS 



p A6£ 



SHUSAKU YAMAMOTO 



Your Ref: 02445.037 



is heavy is reduced due to the heat generated at various 
elements of the converter. 

Objective of the Invention: 

The present invention has an objective of reducing the 
voltage VL applied to the choke coil when the load is light 
so as to prevent the intermittent flow of the choke current 
IL and thus to prevent an increase in the output voltage 
VO. 

Structure of the Invention: 

The present invention relates to a direct-current to 
direct-current converter, in which a direct current flowing 
in a primary coil of a transformer is switched on or off to 
induce a voltage in a secondary coil of the transformer; 
and a rectifying element, a capacitor and a choke coil are 
connected in series to a closed loop including the second- 
ary coil, and furthermore a circulating element is connect- 
ed to a circulation path which bypasses the secondary coil 
and the rectifying element so as to provide an output 
voltage from both of two ends of the capacitor, 

the direct-current to direct-current converter being 
characterized in that: the rectifying element and the 
circulating element are both a field effect transistor; the 
field effect transistors are driven by voltages having 
opposite phases to each other which are induced by another 
secondary coil of the transformer so as to provide the 
conduction with directionality; and the direct-current to 
direct-current converter further comprises a comparator for 
comparing the output voltage with a constant value, and a 
gate voltage controlling transistor which is controlled by 
an output from the comparator and reduces the voltage 
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applied between a gate and a source of each of the field 
effect transistors as the output voltage becomes lower than 
the constant value. Hereinafter, the present invention 
will be described in detail with reference to the drawings. 

Examples of the Invention: 

Figure 3 is a circuit diagram illustrating an impor- 
tant part of an example of the present invention. In 
Figure 3, identical elements previously discussed with 
respect to Figure 1 bear identical reference numerals, 
except that parts corresponding to D3, N3, PG, CMP and El 
in Figure 1 are omitted. This example is different from 
the example shown in Figure 1 in that the diodes Dl and D2 
in Figure 1 are replaced with field effect transistors 
(FETs) Ql and Q2, that the FETs Ql and Q2 are switched on 
or off alternately by voltages (having an opposite polarity 
to N2) generated in coils N4 and N5 so as to provide a 
rectification function, and that the level (high or low) of 
the output voltage V0 is detected by the comparator CMP2 so 
as to control the conductivities of the FETs Ql and Q2. 
Letters Trl and Tr2 represent transistors for controlling 
the conductivities of Ql and Q2, and the transistors Trl 
and Tr2 are connected between gates and sources of Ql and 
Q2. Letters Rl and R2 represent base resistors thereof. 

In the transistors Trl and Tr2, collectors and 
emitters thereof are connected in parallel to the gates and 
sources of the FETs Ql and Q2. Accordingly, when the 
conductivities of the transistors Trl and Tr2 increase, the 
potentials applied between the gates and sources of the 
FETs Ql and Q2 decrease, resulting in reduction in the 
conductivities of the FETs Ql and Q2 (the resistances 
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increase). When the conductivities of the transistors Trl 
and Tr2 decrease, the converter operates in the opposite 
manner. When the transistors Trl and Tr2 are off, the FETs 
Ql and Q2 perform a perfect switching operation. When the 
output voltage V0 is higher than a constant value E2, the 
comparator CMP2 turns off both the transistors Trl and Tr2 
so as to turn on or off the FETs Ql and Q2 in accordance 
with the voltages generated in the coils N4 and N5. This 
operation is similar to the operation conducted in the 
circuit shown in Figure 1 when the load is heavy and the 
diodes Dl and D2 are used in lieu of Ql and Q2. 

In contrast, when the output voltage V0 is lower than 
the constant value E2, the comparator CMP 2 applies a 
voltage corresponding to the difference to bases and 
emitters of the transistors Trl and Tr2 so as to cause an 
analog operation of the transistors Trl and Tr2. As a 
result, the voltages applied between the gates and sources 
of the FETs Ql and Q2 decrease, and thus the FETs Ql and Q2 
conduct an analog operation. However, since the FETs Ql 
and Q2 are completely turned off, such an analog operation 
does not affect the rectification function. Since the 
resistance when the FETs Ql and Q2 are turned on is higher 
than that during the switching operation, the voltage VDS 
between the drain and source is higher than that during the 
switching operation. The voltage VDS corresponds to the 
forward voltage VF of the diode Dl in Figure 1. Therefore, 
as can be appreciated from expression (1), when the voltage 
VDS increases, the voltage VL generated in the choke coil 
L decreases and thus the amplitude AIL of the choke current 
IL decreases. Accordingly, even when the current 10 is 
small due to the small load, the relationship of I0>AlL/2 
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is easily maintained, so that an increase in the output 
voltage VD can be suppressed. When the FET Ql performs an 
analog operation, the load is light and the current 10 is 
small. Therefore, the total heat generation is small 
compared to the case of a conventional diode Dl which 
always has VF remaining when being on. in the case where 
MOSFETs are used as the FETs Ql and Q2, the controlling 
range is about 5V, which is the voltage between the gate 
and source. In the case where bipolar transistors are 
used, the controlling range is reduced to only about 0.7V, 
which is the voltage between the base and emitter. 

The FET Q2 is turned on or off oppositely to the FET 
Ql and thus acts as a unidirectional element having the 
same polarity as that of the diode D2 in Figure 1. The 
conductivity of the FET Q2 is controlled by the transistor 
Tr2 in order to restrict the circulating current so as to 
prevent IL from becoming 0. 

Effect of the Invention 

As described above, the present invention has an 
advantage of, in a DC-DC converter, restricting an increase 
in the output voltage when the load is light, without 
increasing the smoothing choke coil or connecting an extra 
dummy resistor on the load side. 

4. Brief Description of the Drawings 

Figure 1 is a circuit diagram illustrating an example 
of a conventional DC-DC converter, Figure 2 is an opera- 
tional waveform diagram thereof, and Figure 3 is a circuit 
diagram illustrating an example according to the present 
invention. 
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In the figures, T is a transformer; Nl is a primary 
coil; TrO is a switching element; N2, N4 and N5 are 
secondary coils; Ql is a FET for rectification; Q2 is a FET 
for circulation; Trl and Tr2 are transistors for control- 
ling the gate voltage; C is a capacitor; L is a choke coil; 
and CMP2 is a comparator for detecting an output voltage. 
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* 

Specification 

1. Title of the Invention 
Direct-current to direct-current converter 

2. Claim 

A direct-current to direct-current converter, in which 
a direct current flowing in a primary coil of a transformer 
is switched on or off to induce a voltage in a secondary 
coil of the transformer; and a rectifying element, a 
capacitor and a choke coil are connected in series to a 
closed loop including the secondary coil, and furthermore 
a circulating element is connected to a circulation path 
which bypasses the secondary coil and the rectifying 
element so as to provide an output voltage from both of two 
ends of the capacitor, 

the direct-current to direct-current converter being 
characterized in that: the rectifying element and the 
circulating element are both a field effect transistor; the 
field effect transistors are driven by voltages having 
opposite phases to each other which are induced by another 
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secondary coil of the transformer so as to provide the 
conduction with directionality; and the direct-current to 
direct-current converter further comprises a comparator for 
comparing the output voltage with a constant value, and a 
gate voltage controlling transistor which is controlled by 
an output from the comparator and reduces the voltage 
applied between a gate and a source of each of the field 
effect transistors as the output voltage becomes lower than 
the constant value. 

3 . Detailed Description of the Invention ** * 

Field of the Invention: 

The present invention relates to a pulse width 
controlled-type direct-current to direct-current (DC-DC) 
converter including a circuit for suppressing an increase 
in the output voltage when the load is light. 

Prior Art and Problems thereof 

Figure 1 shows an example of a conventional pulse 
width controlled-type DC-DC converter. a switching 
transistor TrO is connected in series with a primary coil 
Nl of a transformer T, and a DC voltage Vi is applied to 
the connected switching transistor TrO and primary coil Nl. 
The transistor TrO is turned on or off in this state to 
cause an electric current to intermittently flow in the 
primary coil Nl . The voltage induced to the secondary coil 
N2 (coil ratio of Nl:N2=n:l) at this point is rectified by 
a rectifying diode Dl, thus providing an output current 10. 
A comparator CMP1 compares an output voltage V0 with a 
reference value El and applies the difference to a pulse 
(rectangular wave) generator PG, thereby generating a pulse 
P for driving a transistor Trl. The pulse P turns the 
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transistor TrO on or off so that the output voltage V0 is 
equal to the reference value El (the duty ratio of the 
pulse P changes). Letters D3 represent a diode for a fly 
wheel, and forms a circulation path on the primary coil 
side together with a coil N3. In other words, when the 
transistor TrO is turned off, the electric current in the 
primary coil Nl is blocked, and an overvoltage tends to be 
generated at this point. However, since a voltage is 
generated in the coil N3 and causes a current having a 
polarity to charge a power supply Vi via Vi and D3, the 
generation of the overvoltage is prevented. ** * 

The current rectified by the diode Dl becomes an 
output current 10 and also charges a capacitor C. The 
charged current and the output current 10 passing through 
the load flow to the coil N2 via a choke coil L. When the 
voltage induced in the secondary coil N2 has an opposite 
polarity (when the transistor TrO is off), the current 
stops flowing in the coil N2 and circulates via the diode 
D2 for a fly wheel instead. A choke current IL flowing in 
the coil L has a triangular waveform as shown in Figure 
2(b). Letters Ton represent a period in which the transis- 
tor TrO is on. The current IL linearly increases during 
this period and linearly decreases during the off period 
Toff. The value of the above-mentioned load (output) 
current 10 is approximately equal to the average value of 
the current IL. 

The voltage VL generated in the coil L has a rectangu- 
lar waveform in synchronization with the pulse P as shown 
in Figure 2(a). The voltage VL and the amplitude Ail of 
the fluctuation of the current IL have the following 
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relationship where the input voltage to the transformer T 
is Vin, the forward voltage of the diode Dl is VF, and 
letters n, V0, L and Ton represent the elements described 
above : 

VL=Vin -1/n-VP-VO ... (1) 

AlL=VL-Ton/L ... (2) 

Accordingly, when the load is large so as to realize 
I02AIL/2, IL continuously flows, although fluctuating as ^ k 
shown in Figure 2(b). In contrast, when the load is small 
so as to realize I0<AlL/2, the choke current IL flows 
intermittently (a current is supplied from the capacitor C 
to the load while IL=0) as shown in Figure 2(c), and thus 
a problem occurs that the output voltage V0 is increased by 
the voltage generated in the choke coil L. 

There are two conventional methods to solve the 
problem. According to one of the two methods, the value of 
AIL is reduced in order to maintain the relationship of 
I0>AlL/2. However, in accordance with this method, the 
inductance of the coil L needs to be increased as can be 
appreciated from expression (2). Therefore, the outer 
dimension is enlarged and the production cost is increased. 
According to the other method, the value of 10 is kept high 
in order to maintain the relationship expressed by the 
above-described inequality. For realizing this, it is 
necessary to connect a dummy resistor RD to the output 
terminal and send a part of a load current ID to the dummy 
resistor RD. Therefore, efficiency is lowered due to the 
ever-present power loss, and the reliability when the load 



4 



SHUSAKU yamamoto 

Your Ref: 02445.037 



is heavy is reduced due to the heat generated at various 
elements of the converter. 

Objective of the Invention: 

The present invention has an objective of reducing the 
voltage VL applied to the choke coil when the load is light 
so as to prevent the intermittent flow of the choke current 
IL and thus to prevent an increase in the output voltage 
VO . 

Structure of the Invention: ** \ 

The present invention relates to a direct-current to 
direct-current converter, in which a direct current flowing 
in a primary coil of a transformer is switched on or off to 
induce a voltage in a secondary coil of the transformer; 
and a rectifying element, a capacitor and a choke coil are 
connected in series to a closed loop including the second- 
ary coil, and furthermore a circulating element is connect- 
ed to a circulation path which bypasses the secondary coil 
and the rectifying element so as to provide an output 
voltage from both of two ends of the capacitor, 

the direct -current to direct-current converter being 
characterized in that: the rectifying element and the 
circulating element are both a field effect transistor; the 
field effect transistors are driven by voltages having 
opposite phases to each other which are induced by another 
secondary coil of the transformer so as to provide the 
conduction with directionality; and the direct-current to 
direct -current converter further comprises a comparator for 
comparing the output voltage with a constant value, and a 
gate voltage controlling transistor which is controlled by 
an output from the comparator and reduces the voltage 
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applied between a gate and a source of each of the field 
effect transistors as the output voltage becomes lower than 
the constant value. Hereinafter, the present invention 
will be described in detail with reference to the drawings. 

Examples of the Invention: 

Figure 3 is a circuit diagram illustrating an impor- 
tant part of an example of the present invention. In 
Figure 3, identical elements previously discussed with 
respect to Figure 1 bear identical reference numerals, 
except that parts corresponding to D3, N3, PG, CMP and El*-' * 
in Figure 1 are omitted. This example is different from 
the example shown in Figure 1 in that the diodes Dl and D2 
in Figure 1 are replaced with field effect transistors 
(FETs) Ql and Q2, that the FETs Ql and Q2 are switched on 
or off alternately by voltages (having an opposite polarity 
to N2) generated in coils N4 and N5 so as to provide a 
rectification function, and that the level (high or low) of 
the output voltage V0 is detected by the comparator CMP2 so 
as to control the conductivities of the FETs Ql and Q2. 
Letters Trl and Tr2 represent transistors for controlling 
the conductivities of Ql and Q2, and the transistors Trl 
and Tr2 are connected between gates and sources of Ql and 
Q2. Letters Rl and R2 represent base resistors thereof. 

In the transistors Trl and Tr2, collectors and 
emitters thereof are connected in parallel to the gates and 
sources of the FETs Ql and Q2. Accordingly, when the 
conductivities of the transistors Trl and Tr2 increase, the 
potentials applied between the gates and sources of the 
FETs Ql and Q2 decrease, resulting in reduction in the 
conductivities of the FETs Ql and Q2 (the resistances 
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increase). When the conductivities of the transistors Trl 
and Tr2 decrease, the converter operates in the opposite 
manner. When the transistors Trl and Tr2 are off, the FETs 
Ql and Q2 perforin a perfect switching operation. When the 
output voltage V0 is higher than a constant value E2, the 
comparator CMP 2 turns off both the transistors Trl and Tr2 
so as to turn on or off the FETs Ql and Q2 in accordance 
with the voltages generated in the coils N4 and N5. This 
operation is similar to the operation conducted in the 
circuit shown in Figure 1 when the load is heavy and the 
diodes Dl and D2 are used in lieu of Ql and Q2 . ** * 

In contrast, when the output voltage V0 is lower than 
the constant value E2, the comparator CMP 2 applies a 
voltage corresponding to the difference to bases and 
emitters of the transistors Trl and Tr2 so as to cause an 
analog operation of the transistors Trl and Tr2. As a 
result, the voltages applied between the gates and sources 
of the FETs Ql and Q2 decrease, and thus the FETs Ql and Q2 
conduct an analog operation. However, since the FETs Ql 
and Q2 are completely turned off, such an analog operation 
does not affect the rectification function. Since the 
resistance when the FETs Ql and Q2 are turned on is higher 
than that during the switching operation, the voltage VDS 
between the drain and source is higher than that during the 
switching operation. The voltage VDS corresponds to the 
forward voltage VF of the diode Dl in Figure 1. Therefore, 
as can be appreciated from expression ( 1 ) , when the voltage 
VDS increases, the voltage VL generated in the choke coil 
L decreases and thus the amplitude Ail of the choke current 
IL decreases. Accordingly, even when the current 10 is 
small due to the small load, the relationship of I0>AlL/2 
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is easily maintained, so that an increase in the output 
voltage VD can be suppressed. When the FET Ql performs an 
analog operation, the load is light and the current 10 is 
small. Therefore, the total heat generation is small 
compared to the case of a conventional diode Dl which 
always has VF remaining when being on. In the case where 
MOSFETs are used as the FETs Ql and Q2, the controlling 
range is about 5V, which is the voltage between the gate 
and source. In the case where bipolar transistors are 
used, the controlling range is reduced to only about 0.7V, 
which is the voltage between the base and emitter. ** * 

The FET Q2 is turned on or off oppositely to the FET 
Ql and thus acts..- as a unidirectional element having the 
same polarity as that of the diode D2 in Figure 1. The 
conductivity of the FET Q2 is controlled by the transistor 
Tr2 in order to restrict the circulating current so as to 
prevent IL from becoming 0. 

Effect of the Invention 

As described above, the present invention has an 
advantage of, in a DC-DC converter, restricting an increase 
in the output voltage when the load is light, without 
increasing the smoothing choke coil or connecting an extra 
dummy resistor on the load side. 

4. Brief Description of the Drawings 

Figure 1 is a circuit diagram illustrating an example 
of a conventional DC-DC converter, Figure 2 is an opera- 
tional waveform diagram thereof, and Figure 3 is a circuit 
diagram illustrating an example according to the present 
invention. 
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In the figures, T is a transformer; Nl is a primary 
coil; TrO is a switching element; N2, N4 and N5 are 
secondary coils; Ql is a FET for rectification; Q2 is a FET 
for circulation; Trl and Tr2 are transistors for control- 
ling the gate voltage; C is a capacitor; Lisa choke coil; 
and CMP 2 is a comparator for detecting an output voltage. 
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o% suiaiqoad asaqj ;jodaj jou op asBaid 'pa^oaqo suiaiqojd 
a§Biui aqj paxxoo ;ou ni^ sjuauinDop asaqj SuiuucDsaa sy 

ajod aiavuvAV isaa anv saovwi 

— :H3HXO □ 

AxnvnO Hood shv aaxxwvaas (s)xiamxa ho (s)3DN3H333H n 

xsiaiMaDoa ivmioiho mo smhvw ho sawn □ 

SXMaWQDOa 31VDS AVHO □ 
SHdVHOOXOHd 3XIHAV OMV HO HOIOD □ 

saovNi aaxMvas/aaAvaHS □ 
OMiMvna ho xxax aaaioani ho asHnma □ 

oniavvho ho xxax aaava □ 
saais ho woxxoa 'aox xv ddo lcid sovwi □ 

SH30HOH □ 

:pa>[D3qo sui9;i sqj oj p9}iuiq ;ou sjb jnq spnpm saSeun sqj in spapa 

■juBOijddB aqj Aq pawiaiqns sjusmnoop 
jmiiSuo sqj jo suoiiBju9S3Jd3j ajBjnooB 9jb juauinoop siqi uiqiiM saSeuii SAipsjsa 

saovwi aiavaivAv isaa 
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